estimated using a pseudo-expectation method with estimate components of variance and covariance a multiple-trait, sire-maternal grandsire model. for backfat and growth rate in swine tested in The purpose of this study was to
Introduction
To make genetic progress, unbiased measurements of phenotypic performance along with accurate estimates of heritabilities and genetic correlations between traits of importance are essential. Central testing stations provide a means of performance-testing animals from different herds and lines in a common environment in order to identify genetically superior animals and lines. These central boar test stations also provide a n extensive database that may be used to estimate genetic parameters for performance traits.
Previous estimates of heritabilities from central test stations for swine have come primarily from European test stations (Jonsson and King, 1962;  'This project was partially funded by the Georgia Agric. Exp.
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J. Anim. Sci. 1992 . 70:1755 -1759 Smith et al., 1962;  Smith and Ross, 1965; Steenbergen et al., 19901. Heritability estimates for growth rate in those European limit-fed swine reared a t central test stations range form .30 to .45. Backfat heritability estimates vary from .37 to .74. Estimates of the genetic correlation between backfat and growth rate range from -.26 to +.19. There have been very few heritability estimates based on North American testing stations. Kennedy et al. (1985) reported heritability estimates for backfat and days to 90 kg in Yorkshire, Landrace, Duroc, and Hampshire swine using Canadian test station data. Heritability estimates ranged from .40 to .61 for backfat and from .27 to .46 for days to 90 kg. Estimates of genetic correlation between backfat and days to 90 kg ranged from -.43 to -.05 for the four breeds. The only published study using United States central test station data is based on a comparison of progeny from high-and lowindexing Hampshire and Duroc centrally tested boars by Bates and Buchanan (1988) . Boars were selected from central test stations in Iowa, Missouri, Nebraska, and Oklahoma. They reported heri-BRYNER tabilities (SEI of .43 (.25) for backfat and .52 L20) for gain. The genetic correlation between the two traits was estimated in that study to be .44 (.14).
Since Traits analyzed were ADG adjusted to a 36-kg on-test weight and backfat adjusted to a 104.5-kg basis (BF). These adjustments were made according to guidelines recommended by the National Swine Improvement Federation (1988 If a sire was mated to only one dam within a contemporary group, only one of the full sibs was left in the data set to reduce confounding of dam effects with sire effects. Records were also removed if the animal's maternal grandsire had only one daughter in a contemporary group.
The data set was then evaluated for sire connectedness, and records from animals with disconnected sires were eliminated from the analysis. Connected sires were defined as those sires one daughter in a contemporary group &Number of records removed from the data set due to each data edit as explained in the text.
with direct ties across contemporary groups, such that two contemporary groups were considered to be directly connected if at least one sire was represented in both groups.
Records were omitted if either trait measurement was greater than 4 SD away from the overall mean. The final edit was to remove records of animals from single sire contemporary groups. The numbers of records removed in each edit are summarized in Table 2 . The number of records included in the analysis are in Table 3 .
Variance Component Estimation. Variance and covariance components for BF and ADG were estimated using a multiple-trait model and equating quadratics composed of mixed-model solutions and their right-hand sides to their pseudo-expectations. The pseudo-expectation approach was proposed by Schaeffer (1986) as a REML approximate.
The REML variance component procedures are usually the preferred estimation method, but they are computationally prohibitive for large sets of data. Schaeffer (19861 reported that pseudo-expectation may be a method of obtaining estimates with properties similar to those obtained using REML with less computational difficulty. Under a pseudo-expectation method, quadratics are equated to their expectations under the assump- Table 3 . Data description for backfat and average daily gain using a multiple-trait, sire-maternal grandsire model
Records"
1,898
Sires
1,036
Maternal grandsires
461

Contemporary groupsb
273
"Number of records analyzed after data edits as explained in text.
and sold together as a common group. bContemporary groups were defined as those boars tested tion that the a priori values of the variances used to produce the mixed-model solutions are the true values. Bertrand and Kriese (19901 expanded the p seudo-expect at ion met hod to the mu1 tiple-trai t case. Direct and maternal heritabilities and genetic and environmental correlations were computed using the estimated variances and covariances.
Results and Discussion
Estimated variance components and heritabilities for BF and ADG are summarized in Tables 4  and 5 Kennedy et al. (1985) estimated genetic correlation between BF and days to 90 kg to be -.11 for Durocs and -.17 for Yorkshires. The estimates found in this study are consistent with the range of estimates reported in the literature.
The estimate of genetic correlation suggests a genetic association between BF and ADG that is close to zero. For producers, this means that selection for one of these traits will not inhibit progress in the other trait and that simultaneous selection for both traits can be effective.
The environmental correlation between BF and ADG was estimated to be .18. This estimate suggests a small positive correlation, indicating that a n environment conducive to faster growth will also tend to increase backfat.
The model was also used to estimate the maternal heritabilities for BF and ADG. Maternal heritability was estimated to be . l l and .23 for BF and ADG, respectively. There have been no previous reports of maternal effects on these traits in centrally tested boars. These results suggest that in this population of centrally tested boars, maternal effects account for a significant portion of the total variance. This then implies that maternal ET AL. effects must be accounted for to obtain accurate breeding value estimates for these traits.
Covariances between direct and maternal effects for each trait were negative. The correlation between direct and maternal effects was -.51 for BF and -.23 for ADG. The correlation between maternal effects for fat and maternal effects for gain was -.17. These results may indicate a negative genetic association between the effects or a failure to remove all pretest environmental effects.
For producers to use performance and genetic information obtained from test station results to improve performance in their herds, those boars that perform well under station conditions must also perform well on the farm. European studies have indicated a moderate positive correlation between test-station and on-farm performance (Bampton et al., 1977; Standal, 1977;  Roberts and Curran, 1981 Kennedy, 1989) . The genetic correlation between station-tested and farm-tested boars was found to be strong and positive (.85 for BF and .80 for days to 90 kg). They concluded that, under North American testing and production conditions, "selection of boars on the basis of test station performance for growth rate and backfat would be expected to result in genetic improvement onfarm." Therefore, if swine producers select the faster-gaining and leaner animals from the United States central test stations, they should expect to improve the growth and leanness in their offspring both at central test station and on the farm.
Implications
The moderate to high direct heritabilities found for backfat and weight gain in this study indicate that selection of superior boars from a central test station should result in improved performance in backfat and average daily gain. The genetic correlation between fat and gain was found to be close to zero, indicating that both traits may be selected for simultaneously without adverse effect. The maternal heritabilities of 11 and 23% for backfat and gain indicate a significant maternal influence on these traits that should be accounted for when making breeding value estimates.
